myocardial dysfunction is a typical manifestation of septic shock. Experimentally, the administration of endotoxin [lipopolysacharride (LPS)] to laboratory animals is frequently used to study such dysfunction. However, a majority of studies used load-dependent indexes of cardiac function [including ejection fraction (EF) and maximal systolic pressure increment (dP/dtmax)], which do not directly explore cardiac inotropism. Therefore, we evaluated the direct effects of LPS on myocardial contractility, using left ventricular (LV) pressurevolume catheters in mice. Male BALB/c mice received an intraperitoneal injection of E. coli LPS (1, 5, 10, or 20 mg/kg). After 2, 6, or 20 h, cardiac function was analyzed in anesthetized, mechanically ventilated mice. All doses of LPS induced a significant drop in LV stroke volume and a trend toward reduced cardiac output after 6 h. Concomitantly, there was a significant decrease of LV preload (LV end-diastolic volume), with no apparent change in LV afterload (evaluated by effective arterial elastance and systemic vascular resistance). Load-dependent indexes of LV function were markedly reduced at 6 h, including EF, stroke work, and dP/dtmax. In contrast, there was no reduction of load-independent indexes of LV contractility, including end-systolic elastance (ejection phase measure of contractility) and the ratio dP/dt max/end-diastolic volume (isovolumic phase measure of contractility), the latter showing instead a significant increase after 6 h. All changes were transient, returning to baseline values after 20 h. Therefore, the alterations of cardiac function induced by LPS are entirely due to altered loading conditions, but not to reduced contractility, which may instead be slightly increased. cardiac function; contractility; mice SEPTIC SHOCK IS A MAJOR COMPLICATION of infectious processes, characterized by systemic inflammation and cardiovascular collapse. The profound disturbances of cardiocirculatory homeostasis in sepsis affect all of the components of the circulation, including the vascular smooth muscle, the endothelium, as well as the myocardium (22). Impaired cardiac function due to reduced myocardial contractility is indeed a typical manifestation of septic shock (septic cardiomyopathy), whose underlying physiopathology involves a host of potential mechanisms, as recently reviewed (15, 30, 45) . Circulating factors, including cytokines (TNF-␣, IL-1␤, and IL-6), lysozyme C and endothelin-1, as well as high-level nitric oxide (NO) production, consecutive to the expression of inducible NO synthase in the myocardium, can directly inhibit myocyte contractility. Similarly, disturbed intracellular calcium trafficking, with a reduction in systolic intracellular calcium concentration, can impair cardiac function in sepsis. Further potential mechanisms include alterations of myocardial microvascular blood flow, mitochondrial abnormalities, and autonomic dysfunction (15, 30, 45) .
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Experimentally, the administration of endotoxin [lipopolysacharride (LPS)] to laboratory animals, especially rodents, has been widely used to study the mechanisms of septic cardiomyopathy (34) . However, most in vivo studies evaluating the effects of LPS on the heart have relied on load-dependent indexes of cardiac function, including the calculation of the maximal rate of rise of left ventricular (LV) pressure (dP/dt max ) by micromanometers in the LV (53) , and the determination of the LV ejection fraction (EF) or fractional shortening by echocardiography (5, 54, 58) . Since LPS may alter not only cardiac contractility, but also cardiac loading conditions (12, 26, 43) , the use of such indexes may be insufficient to properly assess the direct effects of LPS on the intrinsic performance of the myocardium. It has notably been reported in a large-animal model (dog) that the LPS-induced decrease of LV dP/dt max was related to decreased preload, whereas cardiac contractility, determined by end-systolic elastance (Ees) obtained from LV pressure-volume (PV) curves, was not reduced, probably through a reflex increase of sympathetic tone (19, 40) . Therefore, it appears essential that both LV loading conditions and LV inotropism be assessed when exploring the influence of LPS on cardiac pump function. Miniaturized PV conductance catheters have been developed to quantify LV volumes and load-independent indexes of contractility in mice (37, 38) and thus may represent invaluable tools to study the hemodynamic consequences of LPS in this species. Therefore, the present study was designed to investigate in detail the effects of LPS, at different doses and different time points, on cardiac performance, by separating between indirect effects related to altered loading conditions, and direct effects on LV contractility, using such catheters.
MATERIALS AND METHODS
All procedures complied with the Swiss laws on animal experimentation and were performed with the approval of the local Institutional Animal Care and Use Committee. Adult male BALB/c mice (23-26 g) were used in this study. The animals were housed in cages (4 -5 animals/cage), kept in a room maintained at 23 Ϯ 1°C, 55 Ϯ 5% humidity, with a 12:12-h light-dark cycle, and fed ad libitum.
Experimental protocol and hemodynamic measurements. A total of 70 mice were used in this study. The animals were challenged with an intraperitoneal injection of E. coli LPS (serotype O127:B8) at doses of 1, 5, 10, or 20 mg/kg, dissolved in 200 l isotonic saline. A group of mice not injected with LPS was used to determine baseline hemodynamic values for control purposes. Mice were then returned to their cages, and after 2, 6, or 20 h, selected groups of mice (n ϭ 5-6 mice/group) were anesthetized with intraperitoneal injections of ketamine (80 mg/kg) and xylazine (10 mg/kg), tracheotomized, and ventilated (mouse ventilator model 687, Harvard Instruments, Holiston, MA) with a tidal volume of 200 l at 120 strokes/min. The right carotid artery was exposed by blunt dissection. The artery was cannulated with a microtip 1.4-F PV catheter (PVR-1045; Millar Instruments, Houston, TX), taking great care to avoid any bleeding. The catheter was advanced under pressure control into the LV.
After stabilization for 15 min, the pressure and volume signals were continuously recorded with an MPVS-300 PV conductance system (Millar Instruments), coupled with a Powerlab/16SP A/D converter (AD Instruments), stored and displayed on a personal computer. Heart rate and LV systolic pressure (LVSP) and LV end-diastolic pressures (LVEDP) and volumes (LVESV, LVEDV) were measured, and stroke volume (SV), stroke work (SW), EF, and cardiac output (CO) were calculated and corrected, according to in vitro and in vivo volume calibrations with a cardiac PV analysis program (PVAN3.2; Millar Instruments), as detailed previously (37, 38) . All volumes were also corrected, according to LV parallel conductance, determined by injecting, at the end of each experiment, a 15-l bolus of 15% hypertonic saline into the right ventricle via the right jugular vein (38) .
Total effective arterial elastance (Ea), an integrated index of arterial load that is sensitive to resistive and pulsatile load, was calculated as the ratio of LV end-systolic pressure (ESP) and SV and was used as an index of LV afterload (7) . We also calculated the ratio of CO to LVSP as an index of systemic vascular resistance (SVR) and LV afterload. The maximum rate of LV pressure increment during isovolumetric contraction (dP/dt max) was computed from the pressure signal. The inotropic state of the LV was determined by two different, load-independent indexes of contractility. First, the ratio of dP/dt max divided by end-diastolic volume (Ved), dP/dtmax/Ved, was computed as an isovolumic phase measure of contractility. To determine whether this ratio could have been influenced by preload in the conditions of our study, we determined (in 5 control mice and 20 endotoxemic mice) the potential impact of acute changes in preload during transient inferior vena cava occlusion on the values of dP/ dt max/Ved. Second, the slope of the end-systolic PV relationships (ESPVR) of successive PV loops at rapidly reduced preload (obtained by transiently reducing venous return by compressing the inferior vena cava), was computed as an ejection phase measure of LV contractility (Ees) (17, 33, 48) . The zero-pressure intercept of the Fig. 1 . Influence of endotoxin on major hemodynamic variables. Separate groups of mice were challenged with LPS at 1, 5, 10, or 20 mg/kg, and their hemodynamic status was compared with that of a control (C) group of mice after 2, 6, or 20 h. A: all doses of LPS induced a significant increase in heart rate (HR), especially after 6 h. bpm, Beats/min. B: left ventricular (LV) systolic pressure (LVSP) was maintained throughout the experiments, except from significant decreases after 6 h at the doses of 1 and 5 mg/kg. C: stroke volume (SV) decreased significantly after 6 h. D: cardiac output (CO) was maintained, although it tended to decrease with all doses of LPS after 6 h. Values are means Ϯ SE. *P Ͻ 0.05 vs. control (ANOVA followed by Dunnett test).
ESPVR, V0, was used as a correction term, according to the definition: Ees ϭ ESP/(ESV Ϫ V0), with ESV representing end-systolic volume. Since we noticed that endotoxemia resulted in concomitant changes of both Ees and V 0, we used a further index of contractility by determining, in each mouse, the maximal ESP (ESPmax) reached at a given operating ESV. The values of ESP were then compared with those obtained at matched ESV in control mice and were expressed as percentage of controls.
Statistical analysis. Results are expressed as means Ϯ SE of n ϭ5-6 mice per group. At each time point (2, 6 and 20 h), statistical analysis was performed by analysis of variance, and post hoc Dunnett test was used to compare the different groups of LPS challenged with the control group. The Dunnett test was only carried out when the overall F value was significant. This conservative approach was adopted in view of the large number of experimental conditions tested. Statistical significance was ascribed to P Ͻ 0.05. Fig. 1A , all doses of LPS induced a significant increase in HR, mainly after 6 h, which persisted until 20 h, except at the lowest LPS dose of 1 mg/kg. LVSP ( Fig. 1B) was maintained, except at 1 and 5 mg/kg at 6 h, where LVSP showed a significant reduction compared with baseline conditions. SV ( Fig. 1C ) was significantly smaller than in controls, especially after 6 h at all doses of LPS. This alteration persisted after 20 h at LPS doses of 10 and 20 mg/kg. CO ( Fig. 1D ) was not significantly different at all doses and at all times studied, although it tended to decrease at the 6-h time point.
RESULTS

As illustrated in
Three load-dependent indexes of LV function were assessed, including LV EF ( Fig. 2A ), LV SW (Fig. 2B) , and dP/dt max (Fig. 2C ). All of these indexes disclosed marked and significant reductions after 6 h at all doses of LPS tested. After 20 h, these changes had mostly resolved, except from SW, which was still significantly depressed in mice challenged with 10 and 20 mg/kg LPS.
LV loading conditions were evaluated by the determination of LVEDP and LVEDV, both indicators of LV preload, and by the computation of effective Ea and systemic vascular index, both indexes of LV afterload. There was a considerable reduction of LV preload after 6 h at 5, 10, and 20 mg/kg LPS, as indicated by significant decreases of both LVEDP (Fig. 3A) and LVEDV (Fig.  3B ). With respect to Ea, a significant increase was noted after 6 h at all LPS doses (Fig. 3C ), which may simply be explained by the marked tachycardia induced by endotoxin. Indeed, if we consider that ESP approximates mean arterial pressure, then, ESP ϭ SVR ϫ CO ϭ SVR ϫ (HR ϫ SV), and thus Ea ϭ (ESP/SV) ϭ SVR ϫ HR, implying that, for any given resistance, Ea is directly proportional to HR. Therefore, we calculated SVR by the ratio CO/LVSP as another index of LV afterload. As shown in Fig. 3D , SVR did not show any significant variations among the experimental groups. To assess LV inotropism, two load-independent indexes of LV contractility were computed. First, Ees, the slope of the ESPVR, obtained by rapid and transient reduction of preload, which gives information onto LV contractility during the ejection phase of the cardiac cycle, and second, dP/dt max /V ed , which provides a measurement of LV contractility during the isovolumic contraction phase of the cardiac cycle. As illustrated in Fig. 4A , Ees disclosed significant increases compared with control conditions after 6 h at all doses of LPS, except the smallest one (1 mg/kg). The individual values of Ees (in mmHg/l) ranged from 3.4 to 4.5 (control), 3.5 to 6.1 (LPS 1), 3.9 to 16.5 (LPS 5), 6.8 to 11.7 (LPS 10), and 5.3 to 13.4 (LPS 20) . Importantly, this increase in Ees was associated with a significant shift to the right of the PV curves, as indicated by significant increases of V 0 (Fig. 4B) . Values of V 0 (in l) were widely distributed among the different groups, as indicated by individual values ranging from Ϫ16.3 to Ϫ2.5 (control), Ϫ11.3 to Ϫ7.5 (LPS 1), Ϫ13.5 to ϩ16.3 (LPS 5), 0.5 to 13.7 (LPS 10), and Ϫ11.3 to 17.9 (LPS 20) . Since the increases in both Ees and V 0 have opposite effects on ventricular contractility, we determined the ESP max , at a given operating ESV, as a further index of LV contractility. Values of ESP in endotoxemic mice were expressed as a percentage of values obtained in control mice at matched ESV. A limited number of mice challenged with LPS (n ϭ 5/60) could not be included in this analysis, since their operating range of ESV fell out from the range of ESV in control mice. Using this index, we found no significant differences between the values of ESP measured in control and endotoxemic mice, independently from the dose of LPS and the duration of endotoxemia (Fig. 4C) . Representative PV loops of one control mouse and of mice treated with 1, 5, 10, or 20 mg/kg for 6 h, with their respective ESPVRs, are shown in Fig. 5 .
Besides Ees, we also noticed significant increases of dP/ dt max /V ed after 6 h in mice treated with 5, 10, and 20 mg/kg LPS (Fig. 6A) . To evaluate whether such increase might have been promoted by the marked reduction of preload in endotoxemic mice, we determined the time course of dP/dt max /V ed in conditions of rapidly changing preload (in a subset of n ϭ 25 mice). As shown in Fig. 6 , B and C, the reduction of V ed (inferior vena cava occlusion) was associated with a concomitant reduction of dP/dt max , resulting in a slight decrease of the ratio dP/dt max /V ed (by ϳ14% for a 25% decrease of V ed ). However, such reduction was not observed when dP/dt max was normalized by the preload term (V ed Ϫ V 0 ) instead of V ed (Fig.   Fig. 3 . Effects of endotoxin on the loading conditions of the LV. Indexes of LV preload and afterload were evaluated 2, 6, and 20 h in mice challenged with LPS at 1, 5, 10, or 20 mg/kg. After 6 h, LPS (5 mg/kg and above) induced marked reduction of LV preload, evidenced by significant decreases of LV end-diastolic pressure (LVEDP; A) and volume (LVEDV; B). LPS also significantly increased effective arterial elastance (Ea; C) after 6 h, whereas systemic vascular resistance (SVR; D) remained not statistically different from control mice at all time points. Values are means Ϯ SE. *P Ͻ 0.05 vs. control (ANOVA followed by Dunnett test). 6D). Indeed, if we consider the time-varying elastance, E(t), the ventricular pressure P can be expressed as:
where (dE/dt) max is the maximum rate of rise of time-varying elastance during systole. Normalization with V ed implies therefore that:
In conditions of rapidly reduced preload, the progressive reduction of V ed implies that the term (V ed Ϫ V 0 /V ed ) becomes smaller. Therefore, even though (dE/dt) max remains unchanged, (dP/dt) max /V ed decreases with preload reduction. To take this point into account, (dP/dt) max was normalized by the term (V ed Ϫ V 0 ). As shown in Fig. 6D , the ratio (dP/dt) max / (V ed Ϫ V 0 ) remained largely unaffected by preload reduction. These considerations imply, therefore, that the increased values of dP/dt max /V ed in LPS mice could not be an artifact related to reduced preload. The observation that the contractility index ESP max /ESV remained constant, while the index dP/dt max /V ed increased, may be explained by the significant tachycardia triggered by endotoxin. Indeed, in extreme tachycardia, the time (T max ) to reach end-systole and maximal elastance (E max ) is shortened, whereas the slope of the ESPVR remains largely unaffected (29) . Furthermore, it has been shown that the shapes of different curves of time-varying elastance E(t) in different contractile states, if normalized with respect to their respective E max and T max , were reduced to a single curve, E n , totally unaffected by the contractile state, loading conditions, or heart rate (47, 50) . This normalized E n can thus be described as:
and thus,
Owing to the constant value of E n , (dE n /dt) max is also constant, implying that (dE/dt) max entirely depends on the ratio E max / T max . Since marked tachycardia results in a shortened T max with almost no change in E max , (dE/dt) max also increases. This may explain why dP/dt max /V ed increased, whereas the ESPVRrelated index, ESP max /ESV did not increase. The changes of Ees and dP/dt max /V ed noted at 6 h were transient, as indicated by their return to baseline values after 20 h, except in mice challenged with the highest dose of LPS (20 mg/kg), in which dP/dt max /V ed , remained elevated at 20 h. Indexes of diastolic function, including maximal rate of pressure decrease during isovolumic relaxation and the time constant of isovolumic pressure fall during ventricular relaxation are shown in Fig. 7, A and B, respectively. Both indexes did not show any significant variations among the different experimental groups.
DISCUSSION
Myocardial contractile failure ("septic cardiomyopathy") occurs in ϳ50% of patients with septic shock and, in its most severe form, is associated with a poor prognosis. Animal models of acute endotoxemia, notably rodents, have been frequently used to study septic cardiomyopathy, given the ability of endotoxin to reproduce many aspects of clinical sepsis. Hemodynamically, acute endotoxemia in rodents is generally characterized by decreased blood pressure with unchanged (normodynamic) or reduced (hypodynamic) CO, together with increased SVR (25, 31, 44, 46, 57) . Such pattern resembles the early (unresuscitated) phase of clinical septic shock, but contrasts with the typical hyperdynamic pattern, which develops later in the course of sepsis, following volume resuscitation.
In the present study, mice were challenged with different doses of LPS in the milligram per kilogram range, which are the usual doses used in this species. Mice remained normodynamic, in agreement with prior studies (12, 35, 44, 57) , but developed profound reductions of EF, dP/dt max , and SW 6 h after the injection of endotoxin. These changes had mostly resolved after 20 h, consistent with the transient nature of cardiovascular dysfunction reported both in human and experimental septic shock (21, 32, 39) . Such reductions of EF, dP/dt, and SW are typical findings in this model of murine endotoxemia and are usually interpreted as the result of direct negative inotropic effects of endotoxin. It must be underscored, however, that these hemodynamic variables are also heavily influenced by LV loading conditions. During endotoxemia and in the initial stage of sepsis, cardiac preload is reduced secondary to fluid losses and relative hypovolemia due to increased venous capacitance, resulting in a marked decrease of vascular stressed volume. As a result, both fluid losses and reduced stressed volume concur to impair venous return and cardiac filling by decreasing the mean systemic filling pressure, a consequence further aggravated by the reduction of diastolic time due to concomitant tachycardia (12, 26, 43) . This makes the basis for the administration of large amounts of fluids in the early phase of sepsis, to restore adequate cardiac filling, CO, and blood pressure (12, 26, 43) . Such preload reduction was obvious in our study, as indicated by the significant decrease of LVEDV, 6 h after endotoxin, which is in agreement with similar observations previously made in rodent endotoxemia (12, 24, 57, 58) . It must be underscored that animals were given only a limited amount of fluid by intraperitoneal route (ϳ20 ml/kg), which is not different from the general use in this murine model of endotoxemia (14) .
Besides preload, afterload can also be significantly influenced under endotoxic or septic conditions. Reduced SVR due to systemic vasodilation is typically observed in the advanced stages of sepsis (22) . This pattern occurs only after the administration of large amounts of fluids (8, 42) and contrasts with the increased vascular resistance that prevails before volume resuscitation, as in the early phases of sepsis and in a majority of endotoxemia models in rodents (3, 12, 14, 18, 34, 44) . Our data indicate that endotoxin elicited a significant increase in effective Ea, an integrated index of arterial load that is sensitive to resistive and pulsatile load (7). However, as stated earlier, such rise of Ea may simply reflect the marked tachycardia induced by endotoxin and then does not necessarily indicate that LV afterload was increased. In fact, LV afterload was probably not influenced by endotoxin in the conditions of our study, as indicated by the lack of significant variation of SVR.
The marked reduction of LV preload after LPS does not allow the interpretation that the decreased EF, dP/dt max , and SW reflect reduced LV contractility. We, therefore, determined the slope of ESPVR, or Ees, which represents an ejection phase measure of LV contractility, as well as the rise of LV pressure during isovolumic systole divided by V ed , dP/dt max /V ed , which is an isovolumic phase measure of contractility, these two indexes being considered insensitive to altered loading conditions (17, 33, 48) . Unexpectedly, we found that both disclosed Fig. 6 . Effects of LPS on the ratio of dP/dtmax to end-diastolic volume (EDV). Mice received LPS at 1, 5, 10, or 20 mg/kg, and hemodynamic measurements were made after 2, 6, or 20 h. A: maximal pressure increment in the LV during systole (dP/dtmax) divided by EDV (dP/dtmax@EDV) significantly increased at 5, 10, and 20 mg/kg LPS after 6 h compared with control conditions. Top: 2 h; middle: 6 h; bottom, 20 h. B: time course of dP/dt, LV volume, and LV pressure at rapidly decreasing preload in two representative mice (left and right). C and D: influence of preload on dP/dtmax/EDV (C), and on dP/dtmax/EDV-V0 (D), determined during rapid reduction of EDV. Whereas dP/dtmax/EDV slightly decreased with reductions of EDV, the ratio dP/dtmax/EDV-V0 remained unchanged. Values are means Ϯ SE. *P Ͻ 0.05 vs. control; †P Ͻ 0.05 vs. baseline (ANOVA followed by Dunnett test). significant increases after 6 h, indicating that endotoxin did not impair LV contractility and may have, instead, promoted an increase in LV contractile function. Considering first the increase of dP/dt max /V ed , we ruled out the possibility of an artifact due to the reduction of preload induced by LPS, by showing that this ratio did not increase, but instead tended to decrease, when preload was reduced. Second, with specific respect to Ees, several difficulties of interpretation are illustrated by our data, which need to be further discussed.
Our computation of Ees was based on the concept of linear elastance developed by Suga and Sagawa (49) . To be valid, this concept requires, first, that the shape of the isochronous lines connecting data acquired at the same time instant after the onset of systole, notably the ESPVR, be linear. This condition appears not fulfilled in the mouse heart, in which the PV isochrones disclose a curvilinear, but not linear, shape, as recently demonstrated by Claessens et al. (9) . Second, the linear elastance concept requires that V 0 , the zero pressure intercept of the end-systolic PV relationship, remain constant (9, 23) . This was clearly not the case in our study, as indicated by a significant shift to the right of V 0 in endotoxemic mice, especially at the 6-h time point. Such an increase in V 0 points to a reduced contractility, which, therefore, opposes the enhanced contractile function that would be anticipated from the increase of Ees (23) . To understand the net effect of concomitant changes of Ees and V 0 , we, therefore, determined the ESP max obtained at a given operating ESV in each mouse, and the values were expressed as a percentage of the ESP obtained at matched ESV in control mice. Using this method, we found no significant differences between control and LPS-treated mice, implying that the opposite influences of the increased Ees and increased V 0 canceled out each other, so that the final outcome was an unchanged contractile function. Taking these limitations into account, our findings indicate that, in the conditions of our study, the overall effect of LPS on cardiac contractility was either neutral or slightly positive (as suggested by the increased values of dP/dt max /V ed ). It is plausible that contractility was maintained through intense reflex sympathetic activation in response to endotoxemia, as suggested by previous investigators (40, 51) . Furthermore, it is worth noting that the increased heart rate per se may have contributed to maintain LV inotropism, given the known positive influence of heart rate on LV performance (13). As exposed earlier, it is also worth mentioning that the important tachycardia induced by LPS may explain why the index dP/dt max /V ed increased, whereas the ESPVR-related index ES-P max /ESV did not.
Our conclusions may appear surprising at first glance, but are in agreement with data previously reported by others. In a study in anesthetized calves, Constable (10) reported that endotoxin increased LV contractility (Ees), while reducing mean systemic arterial pressure, CO, and LV SW, indicating that circulatory dysfunction, rather than LV dysfunction, predominates during acute endotoxemia in this model. In dogs, endotoxin (1 mg/kg) induced significant reductions in preload and dP/dt max , whereas Ees was either unchanged (40) or significantly increased (19) . In this model, Ees decreased only in the terminal phase, supporting the concept that the early depression of cardiovascular performance in endotoxic dogs is due to decreased preload but not cardiac dysfunction, and that myocardial contractility is only depressed as a terminal event (19, 40) . In a recent study in mice, animals challenged with 25 mg/kg endotoxin remained normodynamic, with reduced dP/ dt max and unchanged load-independent indexes of contractility, but with reduced preload, as shown by decreased LV diastolic pressure, despite slightly reduced LV diastolic compliance (thus indicating reduced LV filling) (6) . In humans, it is also noteworthy that minute amounts of endotoxin (4 ng/kg) elicited a hypotensive hyperdynamic state in volunteers, with a significant increase in load-independent indexes of LV contractility during the first 3 h (20, 28). At variance with our results and the above-discussed studies, several investigators did report on reduced inotropic state of the LV in endotoxemic conditions in vivo. In rats challenged with 10 mg/kg endotoxin, a reduced Ees was found after 6 h. This effect was not ascribed to a direct effect of endotoxin, but to a marked decrease of myocardial oxygenation, implying that the reduced contractility was due to myocardial ischemia (52) . A reduced Ees has also been reported in rabbits challenged with very low doses of LPS (600 g/kg), and occurring 36 h after the endotoxin challenge (2). In mice, two studies reported a decreased Ees 6 -7 h after endotoxin, but it is noteworthy that both studies used very high doses of endotoxin (40 -50 mg/kg) (11, 16) , suggesting that LV dysfunction may have occurred as a preterminal event. Furthermore, in one study, interpretation of the data is made difficult, given the extremely and unusually low LV volumes measured in control animals. Indeed, according to the data, baseline SV was 6.5 l on average (11), which is 70 -80% smaller than normal SV measured by conductance catheters in mice, suggesting improper positioning of the catheter in the LV. It is also important to consider that differences between these results and ours may, at least partly, reflect variable responses to endotoxin of different mouse strains, as well described in the literature (27) .
Some additional limitations of our study require further discussion. We used a standard calibration procedure for the conversion of conductance-derived data into volume, according to the initial description by Baan et al. (1) . The accuracy of this method requires a linear conductance-volume relationship, a condition that is not fulfilled due to the nonuniformity of the electrical field generated by conductance catheters, resulting in a nonlinear conductance-volume relationship (56) . Therefore, a new method for nonlinear conversion has been recently proposed by Wei et al. (56) . However, with specific respect to the dimensions of the mouse heart, the volume offset introduced by linear conversion appears only limited, and nonlinear conversion seems to provide only minor improvements (36) . A second technical limitation of conductance volumetry is the determination of parallel conductance, related to the presence of conducting material (mainly myocardial tissue) outside the LV pool. Such parallel conductance is usually determined by transiently changing blood conductivity using a bolus injection of hypertonic saline, as performed in our study. According to this method, a constant value of parallel conductance is subtracted from the total conductance to calculate the volume of the LV cavity. This method has been criticized, due to the time-varying nature of parallel conductance, which changes dynamically with changes of LV size during the cardiac cycle (4, 41) . New methods for the determination of dynamic parallel conductance have been recently proposed to overcome this problem, by determining not only the capacitive, but also the resistive properties of the myocardium (55) .
Although the ability of endotoxin to impair the contractile function of cardiomyocytes is a well-established fact, its study in vivo is made difficult by the multiple actions of LPS on hemodynamics, and by the inherent limitations of the animal model used. Our present data indicate that, in the usual model of acute murine endotoxemia, the cardiac hemodynamic abnormalities entirely result from severe alterations of LV loading conditions, but not from direct negative inotropic properties of endotoxin. The interpretation of load-dependent indexes of contractility in this setting as indicators of contractile failure may be largely misleading. Therefore, we recommend that load-independent indexes of contractility, as well as proper measurements of LV preload and afterload, be systematically determined to avoid inappropriate conclusions.
